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eTable 1. Selected Obesity-Related Human Studies That Investigated 11 FTO SNVs for Further Analyses

# | FTO SNVs Studies Study Participants Study Designs Relevant Outcomes
1 | rs1558902 (Wang, 2018) 1 8828 European American women and 5218 Prospective cohort | BMI
European American men
(Bray, 2019) ? 811 women and men, 80% with European Randomized trail Fat mass
identity
2 | rs1121980 (Wing, 2011) 38 458 European Americans, 373 Latino Cross-sectional BMI and acute insulin
Americans, and 288 African Americans response
(Shimaoka, 2010) 4 1514 Japanese adults Cross-sectional Plasma glucose and BMI
3 | rs17817449 (Nock, 2011) 5 759 European Americans and 469 African Cross-sectional BMI
Americans
(Wang, 2011) & 1060 European Americans Genome-wide BMI
association
4 | rs8050136 (Nock, 2011) 5 759 European Americans and 469 African Cross-sectional BMI
Americans
(Wing, 2011) 38 458 European Americans, 373 Latino Cross-sectional BMI and acute insulin
Americans, and 288 African Americans response
5 | rs9935401 (Holzapfel, 2011) 7 6251 men and 6174 women in German Cross-sectional BMI
(Olza, 2013) 8 534 children in Spain Case-control BMI and CVD biomarkers
6 | rs3751812 (Liaw, 2019) © 10,832 adults in Taiwan Cross-sectional BMI
(Hassanein, 2010) '© | 10819 African Americans Cross-sectional BMI
7 | rs9936385 (Zillikens, 2017) 38,292 adults with European identity Meta-analysis Lean body mass
(Minohara, 2021) 12 176 Japanese adults Cross-sectional Lean body mass
8 | rs9939609 (Kilpelainen, 2011) '3 | 218,166 adults and 19,268 children, 95% Meta-analysis BMI, WC, and fat percent
with European identity
(Naja, 2021) 4 194 Emirati adults Cross-sectional BMI
9 | rs9941349 (Hassanein, 2010) '© | 10819 African Americans Cross-sectional BMI
(Yako, 2015) 15 560 adults in South Africa with mixed identity | Cross-sectional BMI and type 2 diabetes
10 | rs9930506 (Goutzelas, 2017) 6 | 203 Greek adults Cross-sectional BMI
(Naja, 2021) 4 194 Emiratis Cross-sectional BMI
11 | rs9922708 (McCaffery, 2013) 7 | 1595 European Americans and 324 African Randomized trail Weight
Americans
(Helgeland, 2019) '® | 9286 Norwegian children Genome-wide BMI
association
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eAppendix. Genotyping and Quality Control Details for REGARDS Participants
An initial subset of 10,656 REGARDS participants (8,916 AA and 1,740 EA) underwent
genotyping using lllumina Infinium Multi-Ethnic AMR/AFR BeadChip arrays (lllumina, Inc, San
Diego, CA) as previously described 2. Quality control at both the sample and variant levels was
performed. Samples were removed if they were internal duplicates, HapMap controls, sex
mismatches, or exhibited a high proportion of missing variants 2. Genotype imputation was
performed using the BioData Catalyst imputation server and the Trans-omics for Precision
Medicine (TOPMed) release 2 (Freeze 8) reference panel 3. Principal component analysis was
performed using EIGENSTRAT SmartPCA software, and individuals were considered outliers
and removed from subsequent analysis if they were outside of six standard deviations 4. PLINK

version 1.9 was used to code the genotypes as additive allele dosages for the FTO SNPs °.
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eFigure 1. Study Participant Selection
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eTable 2. Comparisons of Effect Allele Frequencies of FTO SNVs Between Self-
Identified Race Groups
(Cohort A: BMI, N=9,458; Cohort B: Waist to Height Ratio (WHtR), N=10,447).

Cohort A:BMI
analysis
Black White

FTO SNVs Effect Allele N=7,832 N=1,626

Percent Percent
rs1558902 A 11.10 40.43
rs1121980 A 47.26 42.68
rs17817449 G 39.38 40.01
rs8050136 A 43.62 40.01
rs9935401 A 43.95 40.03
rs3751812 T 10.80 39.51
rs9936385 C 47.73 40.04
rs9939609 A 47.72 40.01
rs9941349 T 18.72 41.36
rs9930506 G 21.18 43.30
rs9922708 T 21.11 43.39
Cohort B:WHtR
analysis

Black White

FTO SNVs N=8,743 N=1,704

Percent Percent
rs1558902 A 11.17 40.29
rs1121980 A 47.25 42.55
rs17817449 G 39.40 39.88
rs8050136 A 43.6 39.91
rs9935401 A 40.00 39.94
rs3751812 T 10.85 39.38
rs9936385 C 47.75 39.94
rs9939609 A 47.74 39.91
rs9941349 T 18.84 41.20
rs9930506 G 21.18 43.30
rs9922708 T 21.26 43.08
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eTable 3. Comparisons of Baseline Age, Income, Education Levels, Depression Score, and Stress Score Between Sex and

Race Groups for BMI Analysis

(Cohort A, N=9,458, excluding cases analysis by analysis for Body Mass Index).

Race ANOVA Sex ANOVA
Black White Female Male
n=7,832 n=1,626 n=5,276 n=4,182
Age (years) M SD M SD F pt | M SD | M SD F p
63.91 9.23 68.6 10.39 336.289 <0.001 | 64.4 9.71 | 652 9.47 8.250, <0.001
Range 45-94 45-98 45-94 45-98
Black White Female Male
n=7,621 n=1,588 n=5,133 n=4,076
M SD M SD F pt M SD M SD F pt
Depression score 1.32 2.18 1.06 1.96 23.656  <0.001 | 1.51 233 | .98 1.85 138.31, <0.001
Range 0-12 0-12 0-12 0-12
Black White Female Male
n=7,665 n=1,598 n=5,164 n=4,099
Perceived Stress M SD M SD F pt M SD M SD F pt
score 5.82 2.65 5.47 2.31 20.530  <0.001 | 6.06 263 |5.39 2.50 153.50, <0.001
Range 0-16 0-16 0-16 0-16
Race Chi-Square Sex Chi-Square
Black White Female Male
n=7,824 n=1,624 n=5,269 n=4,179
Count Percent | Count Percent p Count Percent | Count Percent p
Education
Less than high school | 4389 17.8 139 8.6 <0.001 864  16.4 664 15.9 0.043
High school 2143 27.4 386 23.8 1446 274 1083  25.9
Some college 2116 27.0 457 28.1 1449 275 1124 26.9
College graduate & | 517 27.8 642 39.5 1510  28.7 1308 31.3
above
Black White Female Male
n=6,905 n=1,421 n=4,544 n=3,782
Count Percent | Count Percent | p Count Percent | Count Percent p
Income
Below $20K 1926 27.9 222 15.6 <0.001 1442 31.7 706 187 <0.001
20K-34K 2081 30.1 383 27.0 1393 30.7 | 1071 28.3
35K-74K 2134 30.9 540 38.0 1316 290 |1358 359
75K & above 764 11.1 276 19.4 393 8.6 647 174

T Welch tests performed for groups with unequal variances based on results from Levene’s tests.
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eTable 4. Comparisons of Baseline Age, Income, Education Levels, Depression Score, and Stress Score Between Sex and
Self-ldentified Race Groups for Waist-to-Height Ratio Analysis
(Cohort B, N=10,447, excluding cases analysis by analysis for Waist to Height Ratio).

Race ANOVA Sex ANOVA
Black White Female Male
n=8,743 n=1,704 n=5,276 n=4,182
M SD M SD F pt M SD M SD F p
Age (years) 63.6 9.19 68.4 10.35 377.337  <0.001 | 63.9 9.59 |65.0 9.48 33.241 <0.001
Range 45-96 45-98 45-96 45-98
Black White Female Male
n=8,492 n=1,664 n=5,869 n=4,287
M SD M SD F pt M SD M SD F pt
Depression score 1.4 2.21 1.1 1.98 22.604 <0.001 | 1.5 236 | 1.0 1.87 155.090 <0.001
Range 0-12 0-12 0-12 0-12
Black White Female Male
n=8,549 n=1,675 n=5,908 n=4,316
M SD M SD F pt M SD M SD F pt
Perceived Stress score | 5.8 2.65 55 2.31 23.492 <0.001 | 6.07 263 |1.54 2.36 165.669 <0.001
Range 0-16 0-16 0-16 0-16
Race Chi-Square Sex Chi-Square
Black White Female Male
n=7,824 n=1,624 n=5,269 n=4,179
Count Percent | Count Percent | p Count Percent | Count Percent | p
Education <0.001 0.043
Less than high school 1570 18.0 153 9.0 1017 16.8 706 16.0
High school 2410 27.6 407 23.9 1667 276 | 1150 26.1
Some college 2385 27.3 479 28.1 1680 27.8 | 1184 41.3
College graduate & 2370 27.1 663 39.0 1672 27.7 1361 30.9
above
Black White Female Male
n=6,905 n=1,421 n=4,544 n=3,782
Count Percent | Count Percent | p Count Percent | Count  Percent p
<0.001 <0.001
Income 2216 241 | 241 16.2 1697 326 | 760 19.1
Below $20K 2319 30.1 | 403 27.1 1599 30.8 | 1123 28.2
20K-34K 2342 30.4 | 562 37.8 1475 28.4 | 1429 35.9
39K-74K 820 10.7 | 282 19.0 428 8.2 | 674 16.9
75K & above

© 2023 Yu H et al. JAMA Network Open.
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eTable 5. Results of Linkage Disequilibrium Among the 11 FTO SNVs in Self-ldentified White Participants

FTO SNVs
rs1558902 | rs1121980 | rs17817449 | rs8050136 | rs9935401 | rs3751812 | rs9936385 | rs9939609 | rs9941349 | rs9930506 | rs9922708
rs1558902 | ¢ 0.9067 0.9421 0.9370 0.9382 0.9590 0.9357 0.9344 0.8836 0.8169 0.8136
rs1121980 | 0.9067 1 0.8938 0.8913 0.8900 0.8717 0.8875 0.8888 0.9425 0.8724 0.8688
rs17817449 | 0.9421 0.8938 1 0.994 0.9935 0.9729 0.9909 0.9922 0.9078 0.8387 0.8354
rs8050136 | 0.9370 0.8913 0.9948 1 0.9987 0.9729 0.9961 0.9974 0.9078 0.8411 0.8378
rs9935401 | 0.9383 0.8900 0.9935 0.9987 1 0.9742 0.9974 0.9961 0.9065 0.8398 0.8365
rs3751812 | 0.9590 0.8717 0.9729 0.9729 0.9742 1 0.9768 0.9755 0.9226 0.8541 0.8508
rs9936385 | 0.9357 0.8875 0.9909 0.9961 0.9974 0.9768 1 0.9987 0.9090 0.8423 0.8389
rs9939609 | 0.9344 0.8888 0.9922 0.9974 0.9961 0.9755 0.9987 1 0.9103 0.8436 0.8403
rs9941349 | 0.8836 0.9425 0.9078 0.9078 0.9065 0.9226 0.9090 0.9103 1 0.9260 0.9224
rs9930506 | 0.8169 0.8724 0.8387 0.8411 0.8398 0.8541 0.8423 0.8436 0.9260 1 0.9961
rs9922708 | 0.8136 0.8688 0.8354 0.8378 0.8365 0.8508 0.8389 0.8403 0.9224 0.9961 1
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eTable 6. Results of Linkage Disequilibrium Among the 11 FTO SNVs in Self-ldentified Black Participants

FTO SNVs | 151558902 rs1121980 | rs17817449 | rs8050136 | rs9935401 | rs3751812 | rs9936385 | rs9939609 | rs9941349 | rs9930506 | rs9922708
rs1558902 | 4 0.1328 0.1739 0.1441 0.1429 0.9638 0.1214 0.1211 0.4955 0.4170 0.4190
rs1121980 | 0.1328 1 0.7206 0.7307 0.7206 0.1326 0.5951 0.5949 0.1476 0.1800 0.1792
rs17817449 | 0.1739 0.7206 1 0.8374 0.8254 0.1836 0.7073 0.7071 0.0411 0.0210 0.0216
rs8050136 0.1441 0.7307 0.8374 1 0.9852 0.1537 0.8441 0.8445 0.0623 0.0938 0.0935
rs9935401 0.1429 0.7206 0.8254 0.9852 1 0.1521 0.8539 0.8534 0.0608 0.0925 0.0915
rs3751812 0.9638 0.1326 0.1836 0.1537 0.1521 1 0.1305 0.1301 0.5192 0.4385 0.4405
rs9936385 | 0.1214 0.5950 0.7073 0.8441 0.8539 0.1305 1 0.9995 0.0435 0.0691 0.0683
rs9939609 0.1211 0.5949 0.7071 0.8445 0.8534 0.1301 0.9995 1 0.0436 0.0692 0.0684
rs9941349 | 0.4955 0.1476 0.0411 0.0623 0.0608 0.5192 0.0435 0.0436 1 0.7839 0.7867
rs9930506 0.4170 0.1800 0.0210 0.0938 0.0925 0.4385 0.0691 0.0692 0.7839 1 0.9958
rs9922708 | 0.4190 0.1792 0.0216 0.0935 0.0915 0.4405 0.068 0.0684 0.7867 0.9958 1

LD Block — first SNP from each LD block

listed (r2>0.8) used as proxy denoted with *

LD Block 1 rs1558902* rs3751812

LD Block 2 | rs1121980*

LD Block 3 | rs17817449*

LD Block 4 | rs8050136* rs9935401 | rs9936385 rs9939609
LD Block 5 | rs9941349*

LD Block 6 | rs9930506* rs9922708
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eTable 7. Associations Between BMI and WHtR by FTO Proxy SNVs, Controlling for Sex (Females as the
Reference Group) in Self-ldentified Black Participants or White Participants

For Black participants, Bonferroni corrected significance level at 0.00833+; for White participants, Bonferroni
corrected significance level at 0.05*

Black participants BMI as a dependent variable t WHHtR as a dependent variablet

FTO Sex FTO Sex

P P P P
rs1558902 0.004+ <.001 0.015 <.001
rs1121980 0.104 <.001 0.666 <.001
rs17817449 0.307 <.001 0.814 <.001
rs8050136 0.340 <.001 0.449 <.001
rs9941349* 0.006+ <.001 0.078 <.001
rs9930506* 0.022 <.001 0.041 <.001
White participants BMI as a dependent variablet WHHtR as a dependent variablet

FTO Sex FTO Sex

P P P P
rs1558902 0.0020* 0.1057 0.0186* 0.1106

1 General linear model: Obesity indicator = intercept + FTO + sex + PC 1-10 + error
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eTable 8. Interaction Terms Between FTO SNVs, Sex, and Age in Black Participants, Controlling for Psychosocial
Status (Lower Education Levels and Lower Income Levels as the Reference Group)

(outcome: BMI/WH{R, Bonferroni corrected significance level at 0.00833).

BMIt FTO* Sex FTO* Age

Beta P Beta P
rs1558902 0.151 0.561 -0.022 0.134
rs1121980 -0.299 0.077 -0.012 0.188
rs17817449 -0.280 0.104 -0.017 0.077
rs8050136 -0.252 0.138 -0.019 0.042
rs9941349 0.151 0.277 -0.011 0.299
rs9930506 0.169 0.405 -0.011 0.337
WHtRY FTO* Sex FTO*Age

Beta P Beta P
rs1558902 0.006 0.173 0.000 0.899
rs1121980 -0.002 0.410 0.000 0.766
rs17817449 0.001 0.642 0.000 0.310
rs8050136 -0.002 0.550 0.000 0.336
rs9941349 0.004 0.270 0.000 0.290
rs9930506 0.003 0.160 0.000 0.747

1 General linear model: Obesity indicator (BMI) = intercept +FTO SNP LD Block) + sex + FTO SNP* Sex (or FTO* Age) + age + income + education + stress + depression + PC 1-10

+ error

T General linear model: Obesity indicator (WHtR) = intercept + FTO SNP LD Block + sex + FTO SNP* Sex (or FTO* Age) + age + income + education + stress + depression + PC 1-

10 + error

© 2023 Yu H et al. JAMA Network Open.




eTable 9. Significant Interaction Terms Between FTO SNV rs1558902:A, Sex, and Age in White Participants,
Controlling for Psychosocial Status (Lower Education Levels and Lower Income Levels as the Reference Group)
(outcome: BMI/WHtR, Bonferroni corrected significance level at 0.05).

BMIt FTO* Sex FTO* Age

Beta P Beta P
LD Block 1 0.781 <0.001 -0.057 <0.001
(rs1558902:A)
WHtR+ FTO* Sex FTO* Age

Beta P Beta P
LD Block 1 0.018 <0.001 -0.001 0.017
(rs1558902:A)

1 General linear model: Obesity indicator (BMI) = intercept +FTO SNP + sex + FTO SNP* Sex (or FTO* Age) + age + income + education + stress + depression + PC 1-10 + error

T General linear model: Obesity indicator (WHtR) = intercept + FTO SNP + sex + FTO SNP* Sex (or FTO* Age) + age + income + education + stress + depression + PC 1-10 + error

© 2023 Yu H et al. JAMA Network Open.



eFigure 2. Mediation Model of Obesity Indicators (BMI) in Relation With 6 FTO LD Block Proxy SNVs and Heart
Disease in Black Participants
(Bonferroni corrected significance level = 0.00833).

: covariates included

—_»: pathway detected
e »: pathway described
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eTable 10. Interaction Terms Between Genetic Susceptibility by FTO SNV rs1121980: A and Sex in Black
Participants

(outcome: heart disease, no heart disease as the reference group, Bonferroni corrected significance level at
0.00833). Others tested were not significant (data not shown).

Heart disease T FTO* Sex

Coeff. p
LD Block 2 0.030 0.760
rs1121980: A

1 Binary logistic model: heart disease= intercept + FTO SNPs + sex + FTO SNPs* Sex + age + income + education + stress + depression + PC 1-10 + error
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eFigure 3. Mediation Model of Obesity Indicators (BMI and WHtR) in Relation With FTO SNVs, and
Hypertension/Diabetes in White Participants

(significance level = 0.05).
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eTable 11. Results of Mediation and Moderation analyses of BMI/WHtR, LD Block 1 (rs1558902:A), and Diabetes
(No Diabetes as the Reference Group) in White Participants

Model 3
Consequent
M (BMI) Y (Diabetes)
Antecedent Coeff. SE p Coeff. SE p
X LD Block 1 a 0.4762 0.1768 0.0072 C 0.0753 0.1093 0.491
(rs1558902:A)
M (BMI) - - - b 0.1382 0.0171 <0.001
Constant im 33.4239 1.5708 <0.001 iy -5.2693 1.1713 <0.001
R2=0.0615, F=4.9830, p<0.001 R?=0.1220, p<0.001
Moderation Coeff. SE p Coeff. SE 95% CI
W (sex) - - - W*M female 0.0689 0.0288 0.0193 - 0.1309
male 0.0633 0.0264 0.0187 - 0.1208
Index = - 0.0056
Model 4
Consequent
M (WH{R) Y (Diabetes)
Antecedent Coeff. SE p Coeff. SE p
X LD Block 1 a 0.0062 0.0028 0.0289 C 0.0706 0.1112 0.4940
(rs1558902:A)
M (BMI) - - - b 14.6063 3.7939 <0.001
Constant im 0.5696 0.0253 <0.001 iy -9.0536 2.5021 <0.001
R2=0.0519, F=4.1580, p<0.001 R?=0.1593, p<0.001
Moderation Coeff. SE p Coeff. SE 95% CI
W (sex) - - - W*M female 0.0751 0.0389 0.0053 - 0.1594

male 0.0595 0.0313

0.0041 - 0.1289

Index = -0.0156

1 Indirect effect= a*b; Direct effect= C’; Total effect=a*b + C’
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